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MICROFASRICATUD STRUCTIURES FOR T145 MEASUREMENT OF
ADHESION AND MECHANICAL PROPERTIES OF POLYMER FILMS

Msa G. Allen and Stephen D. Senlurla
Microsysterns Technology Laboratories
Massachusetts Institute of Technology

Cambridge MA 02139

Introduction

Deterinatlon of the mechanical properties and adhesive strength of thin film In
microelectronic devices Is Important both during fabrication and In evaluation of borig term device
reliability. Many tests of Owee properties ane available (1-51 but low combine fth advantages; of an
kLjft measurement tedwilque and caopatbilty with staarsid Integrated dmrol processest. Several
types of microfabricsaed Mniuares for te measureiment of the mcharimi popeles of polynmrflhns
have been fabricated i out laboralloy 16.71; the sltructs discussed I Ils work are suspended 9
(free-staning) squaire membraines of a polymled film supported onnPt, Ownze walOfer. In tiNs
paper. we repo t use of these structures for thel hsf meoaseeto of adheslin Of polymer films.

Sample Fabrication

Suspended membranes are made by fht fabricating a square diaphragm 5 microns In
thickniesa I an oxidized silcoon wafer using pholithography arnd enisolropic etching techniques 161.
The wafer Is then spin-cod with the polymer of iterest- and the diaphragm Is removed with a
backside plasma etch to create a tree-standing polymer memnbrane. Square membranes of a
BTDA-ODA1MPDA polyliride (cast withoutl adhesion promoter)froml to 25dmoimters (mm)on a side
and ranging from 6 to 15 mlcrone i tickness have been fabricated using this technique.

Aftemnate structures which are based on the suspended membranes are 'istand' structures.
To fabricate this structure, the square sliclon diaphragm Is defne so as to leave a small island of thick
silicon at the carder. The polymer Is then spi-cast and cured as for the suspended membranes. Upon
removal of the silicon diaphragm, the suspended membrane is left with a small silicon Island adhered
to its center. This structure Is then used as the basis for further adhesion tests.

Mechanical Property Measurements

The residual stress arid Young's mowdulus of the fim can be determined by measurement of
the boad-deft~ion behaviora ofth membrane (asoe Fig. 1) (3.7.81. The waler Is epoxied to a substrate
which seals the cavity under the menorane and placed in a chuck which permits the application 0f
differential pressure by use of either a pressure source or a microilter syringe. The differential
pressure Is measured using a silicon pressure transducer mounted i the chuck. The entire assembly
Is placed on a microscope stage with a calirated z-axis and the deflection d of the film al the center of
the membtrane Is measured.

r~i4 u-d

pressure (p)

Frgue i. Membrane pacrmeters
A theoretical analysis of the load-dflectIOn behavior has been performed using memnbrane

mechanics (the energy minimization approach of Tlmoshenko 19J). mnodified to account f or the --

presencea06reslidualstres10). This lesas o the blowin relation: -jon ?or__

Et d3 Into
(-H) d a .547 p (,

leingth of the squaresd.m I h gM tim hikn essrd. addis thedeflection atMC s th etrOf the membrane. --

Using ths appoach we hav previously found vakies; of E..3 GlPa and 00.-30 MPV for tIS POlylriid
[7. Knowledge of both tha above equation and the mechaical property data are necessary for the 11vi

study of polymer Ohesin usin these strucures. : '3 t r Jblt 1012/_
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Mkhalon Iftmurrnet Susperdeid lilunbrarte

teThe simpelldad ternbranes an be used lore ameasurement of the work of adhesion ye of
tepolynmer fib to te ulloo doxide substrate. By increasing the dilfferential pressure on t test

Sil. fte fnugil peel o fth -m1, 1 1. Rming a bidter. Comsputer slinuiedtons ofgo Ih blistr rne or
radius as a funatlon of crIloa p1ssr 1 o srtant y Indicate that the blider pmresur-volume
characteristic Is unstable onm peel has bee n ilated ate fixed pressure. the bater wil grow without
bound. Thes Pheasmenon has been observed expeflimenlally in previolus applications of the blister
ltf 111. Our experiment uses a controlled-volume loading to InItiate and limit peel. This Is
accoaspishe by' igetP" pressurizig fluld (air) into the space under the blider using a callirated
fricrer spabge The PV walk necesay to poo (and stretch) the bidter from is inMia to OWa rocks is
measured The Irfecled fluid Is then withdrawn. andi the portion of the PV work tha went into
strelcrki th Vbbae ismasued Thul Plocedire Is Illustrated gaphicaly In FPgur 2; the shaded as
isgomo-tar the bw5P' am peed
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e.o00
e.ses
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ftgureR. Adhesion PV dlats. Sold circes -during peel;
ope drdet - aflr peal

We have aimo c t a theoretical dsrttvation of te critical presur necessary to ists
* ~~~Poeting of thin Sbn of vaftlmr geometries under lateral loadin (pessure) andi residuial tensile stress

101 This wil be useMa ma counterpart to t PV an* l~ escrbed above. and Is used to calculate a
lower bound for ye should V be inipossible to nucleate blisters wIlhoul film failure. The approach
utiza a frackare energy balance and reqires Ill ow-ledge of fth pre-peel load-dleflectIon behavior of
the suspended mmbran. From en energy 1111nization analogous to the derivation of e*uatlon (1).
the load-deflect~on behaviotr of fIbus of several gomretries with resitial tensile stress can all be
deoscribd by the equatlor

p.kl+k+k)d (2)

where ki. kt2, eid k2 we functlons of the geometry of the test site and the type of tilm (plate or
mnerbrane).Por thlnlbne on intinely rigd substrates, the peel criterion is:

5 640,o 3AFc2  2& adya 2  a, a a5  (3

where A is the generalized load-point dsplacmenti of the blister (in this case, blister volume), da'OA Is
V the Incremtental dependence of blister size on blister area, and c1f. c:, and c: are
N mc4opewty-dsopendent constants. Table I gives the values ofthe various parameiers in

equwations (2) and (3) for thre blister geometries: the clamped circular plate, the circular memnbrane,
and the square memtbrane. By ssustltutlon of the appate constants Into eqiuation (3). and
sliwnu sl eolaton of (3) with te corresponclng load-dflection relatlon (2). a value for yacan be
deatsmnisd as a Munctofa the orcAW dbn pressu Ire pe. Thus. experkmental measurerment of the
critical debond pressure can be related to ye oace the meichaftical properties of the tim have been

accrael detrmned.I Under erta oin cilors, e*Watgon (3) radum teso specil oases which hae been previously
reported in t Swramr. For example, in the case of a clamped Ovcuar plate with Zero residual stress
undergoing Smnailtlon 5, (c, -a3 -0) t peel criterion from equation (3) is:

y,0.5 pecd0  (4)

permit fully kIc i crdcQ



TIs L Geometric consats for adhesion model
SQUARE CLAMPED CIR- CIRCULAR

- MEMBRANE CULAR PLATE MEMBRANE
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where d, Is gon ~~n ceWe Iesea I atwdnd billesa Oft retiln hes been obained by
'WWnllq.AkemUdv*.forftecmase~ -f a1 --a 11brn An r age D delindltewithzero
ralid taees %aCg 3  0 ftpel alisdorom soua(3) la:

-ye - 0A25 PA (5)

Gent 1111 has eO. anel d Oft mue enthgq a elilily jdffumt Ioad4dflclon profile6 and has
obtine svmcI0.6 brte rsrdtvigol alorinsequation(S).

For 00er Ang ids une reesia etress such as the uprIds membranes, the rotation
be-wen; ee11111 It F-es1 orede de 0 NwhIch deand Initaes Is given by:

-to-.7= (dea~* 4.1140ot (Vie~(6

The re-h ewe n a eoeldby emullaneous oloequatIos() and(6),
alowing detenI1111111lllftoty f111om6 a , Ieeee of ~le p0 ord0 e Wing peel

Ile W~eir 00 i oly vAs can be measured usnW teo1fuI qle Is E1mited by the tensile
so~ s t -gfftfl ls fll~ omen In manty standar adln too:;foret ample, the W poo
ledt Ie No twlftbr~l llll I weeI dee Ie tho mambraee faliated by the standard
prauce It ir eaede loud0 notl be peele; On alays nkW Wi a belMtes were formed.
For tee san;Iplee, a low bound Worye was calculated by ueln fth pressure at which the turm
ruilted sfts ptivsaelbimt 11,r menraine.

in order to beev enl er nuclealonUwas c Ioeemjo degrade the adhesion ofthe
PVU' hIerface. 7W wee doe by a nm-ea1* th ftIM slies i H20 for vaVn Mlents of time.

Tafte af qNseaurmiUof isedheelon debaie huIrmitheeuspeidad membranes. Samplel
wa red m*eeled to anyd d gv p oesstg n kar befoe Mter ruileatlon; alower bound

forwe c led fern equsdon (6b be 360 J4W. As expied.s adhesive strengh generally
decrase wth' Iir mimersimn time (sexpln 24) alihiougt t~ aedi was not Investigated
quantlvely"%. Lyon **4g an Wae I adive strength was observed (samples 2.3).
Agremnt betoeen it PV mlle and equation (6) was observed to be within 50% eacpt for
sample 4, ~hc shd lpheIg M-pleft o orato, ,Invalldeit the PV analysi Equation (6)
uses orody nsal pokito clete yv wim t PV method Is aiveragad over the sire' wafer. This
may acount frlbrese In fts Iwo ipproailtse. Furthermore. equation (6) Irnpufoty assumes an
a Now me*lay -- hmu peel whIts not stlethy noores for the squar membrane. H owever, as peel
of lte ill w mantrate colintes. a ckatulowte Is formd allowing application of the appropriate
form of ealo (3). These detst ame prsety under study.

Adhfelon Messuiranents - Island Structure

The suspenided mtift brut M ee . Wt e other pes test, is lImited by the tensole
strngth ofthe Ibmewayto ovewrit ilsproble is to uslethiocerflies (13). in the blister lest.
we hav addloil liseAy. DWferet goometrieso for the mictolafalod site are posw#* which can
facolio, eel of iimnnerm eve i syeteme wot ver good adhesion.

Eofillort (3) KVggeto I1M a geometry can be found I which da'dA can be Increased.
lage vals at; ye be meweid at the samte load. For simplets , .ti derivative Is invrselY
propotilon ltogth membrane eWe (TOIS 0). Decreaith membrane size t ab since the deflection

COPY Ovailclhie t0 DTIC dopqne
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T"e It. AdhesWo data

Sample ntO AnalystsMhd (n2

I dk & Uqwim () 3-360

12 isW. N 2 o C 4ylil

a ~~W + Uhr. dryOgOC e

3 o W so IV.*2 "o9C P

A uq a)p 3.1

4 a- hboN sv. H 050C PV 1200 M)

Ew-ftn (6) 320

- ISIS Un sm~P

A WE O deaum WO~ Fub I D O ecm 11 WIn the Island htnucks shown in PSgur 3. where the
UnuEmf~ Y be peeled* ONti off coaer Wiand. The defltn A Is a function of tOe dlierence a2-a~where 2 f ,1 I ojp I~g IF (odp g th at~ rdiame.ter) of f nir ,e suspended mntrirane.

while 211 bs ftu ciwacleill eke GO tVe Isimud. Howevrer, til deilvatve deftA is proportional only to
1Ja,. Twos, a WPg geml Rtm~ cu0t -1 be oined by doaafin a, wie keepig s2 - a, large.

Although fte oile presser. analylf for the Isand etructuree is consIderably more
coFm e a 11mor Vi isebillseman vpreut r'io between p' and T bsed on a ctrcular
geomery can be devempedA Fer a muembrane whose loatdeftlection Xehah Is donate&Id by
res ll ten tes ad ~ld Is mepenied ove a cbvular annulus of Inner rodlus a, and ouler
radls &. -f Is mbed to %br.

32%1 he

where 1sb dined as t c Mir hI 21 a,_. Althlough appoxknma. I Ie hietnctiv to examrine the
Oniug belmeorc eqiuln (7M AsS ;j apac-e ti nity. y, approachess m (sinc no Orn is exposed.
no adlesionm can be nmured eve 0 inbil prestare). while as 8 approaches Infihily. ye gets large
bor any proemereP hus,I Isilm 11ee 1tkly poeeble o emar Wsge 7 vluse at pressures less than

Ceuwnt eq IseWd jminue hove been foIalled wlh an outer eke (2a2) of 10 mmw
and huierlse (Ia1) ofIi all 2 ML Ontiera, value can be obtained by underetching the film on a I

m sland wON onl OM -m or eme 0.125 mmn secto of the film remai adhered to the cerder
"ld (Figure 3b). Peel hs best chbeved usin these underetched structures. Although
flnwloewelms. anmi cI of the Wat blnd ature wi be reoafre to generale accurate values of Y
frt obesvqd idWpretSitlres o OWrc mkde valas of ya can be obtained from oqr*Wln (7).
pm&*tloqaiy & - mnhi indca thW such vakme are In the "ag of 1000-3000 JIM'. In fair
asemrwwlv*ls etdAW*Rn app wton o the p st t111ovthckemfme 133.

Decmdi~tflly legible ~ t~
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(a) Wie vw?(b) Wed view . undaretlclwd lin: (c) SOP view

Mloolalicaed toot structuea for the kkaU measurement of adheslon of thi films have
been desoribed. Younl modulus; and residual tensile stress are determined from pro-peel
measuremeft of 11he load-defllon behavior of Suspended membranes. On systems of weak
adhoealn a blier tost using suspended membranes has been carried out. For systems of good
adhesion. an liland te strctlucre has been developed alowing even thin films to be tested.
Melodmodl for amt three aitctures arm descibed.
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